The component units are the same as those of the substance obtained from P. aeruginosa by Bergstrom et al. (1947) and referred to by them as pyolipic acid. The compound reported by Jarvis and Johnson (1949) seemed worthy of extended study since it represents not only a unique example of a crystalline glycolipide, but might also be of interest in a consideration of the origins of its components. Very little is known of the biosynthesis of L-rhamnose, and ,8-hydroxydecanoic acid is important as an example of an intermediate in the general mechanism of fatty acid metabolism (Lynen, 1953) .
The original investigators (Jarvis and Johnson, 1949) isolated the glycolipide from cultures grown on a peptone-glycerol broth, both constituents of which seemed to be essential for its production. The present communication deals with the development of a synthetic medium containing glycerol as the sole carbon source, the selection and application of an asay procedure for the glycolipide, and some characteristics of glycolipide production by P. aerugino8a. Studies demonstrating the incorporation of a-and j%C14-labeled glycerol into both the sugar and lipide moieties, as well as the distribution of radioactivity in the glycolipide carbons, I This investigation was supported by a contract with the U. S. Atomic Energy Commision and by the Eugene Higgins Trust through Harvard University.
Department of Bacteriology, Harvard Medical School. It was maintained by frequent transfers on tryptic digest nutrient agar slants, a fresh slant being prepared 18 to 24 hours before the inoculation of cultures.
Media. The 4 per cent bactopeptone-3 per cent glycerol broth used successfully by Jarvis and Johnson (1949) was employed for glycolipide production on a nonsynthetic medium. Several synthetic media with glycerol as the sole carbon source were tried, among them those of Birkofer and Birkofer (1948) , Norris et al. (1949) , and Cutchins et al. (1952) ; but best results were obtained with a modification of the minal medium for Escherichia coli of Davis and Mingioli (1950) . It contained K2HP04, 7 .0 g/L; KH2PO4, 3.0 g/L; MgSO4 * 7H20, 0.1 g/L; (NH4)2S04, 1.0 g/L; pH 7.0. A stock solution was prepared in tenfold strength with chloroform as preservative. It was diluted as needed, usually 1:10, and suitable amounts of glycerol per cent pure) were added before autoclaving. Where necessary, other energy sources were autoclaved in concentrated solution or sterilized by filtration before addition to the medium. The radioglycerol used for radioglycolipide preparation was that made by Gidez and Karnovsky (1952 Early experiments were carried out in the warm room at 36 C to 38 C, but glycolipide production improved upon lowering the temperature and most runs were done at 31 C to 34 C.
Isolation of glycolipide. The isolation of the crystalline glycolipide was accomplished in essentially the manner described by Jarvis and Johnson (1949) , with modifications. The organisms were centrifuged off in a Servall SS centrifuge (10 min at about 11,000 x G) and discarded after it had been shown that they contained only minimal amounts of glycolipide. The supernatant was acidified with 10 N sulfuric acid to pH 2. Refrigeration for at least three days yielded crystals which were harvested by centrifugation. After two water washes, an aqueous suspension was filtered on a Btichner funnel, with suction, through Whatman no. 1 filter paper. In this manner clogging of the filter could be controlled. Frequently a small second crop could be isolated from the medium upon further standing in the cold room.
Several recrystallizations from acetone and water, with the addition of decolorizing charcoal (norite) where necessary, were carried out in order to obtain a pure product. About 75 A 10 per cent of the glycolipide produced (as shown by the assay described below) could be isolated, but further losses were incurred during the recrystallization process.
Assay of glycolipide. 
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For counting directly without combustion samples were dissolved in chloroform and plated onto planchets with a disk of lens paper covering the plating area to facilitate even distribution of the material (Calvin et al., 1949) .
All samples to be counted were mounted on stainless steel disks with a plating area of 1.60 cm' and their radioactivity determined with a proportional gas flow-counter (Robinson, 1950) , after solvent removal to constant planchet weight. Self-absorption factors for BaCO3 (Robinson, unpublished data) were found to be applicable throughout.
RESULTS AND DISCUSSION
Preliminary experiments. Numerous preliminary experiments were carried out in 2 L flasks containing 500 ml of bactopeptone medium each in order to confirm the findings of Jarvis and Johnson (1949) and to standardize an efficient method for the production and isolation of the glycolipide. Some representative results are shown in table 1. Since these experiments were carried out before the development of a method for the assay of glycolipide, column 4 represents the amounts of substance actually isolated. More than 5 g glycolipide per liter of medium has on occasion been produced; however, the variation from run to run is considerable.
The data indicate that good glycolipide production can be attained even with glycerol concentrations lower than 3 per cent. Apparently only smal amounts of glycerol were utilzed during the first two days of incubation, while frequently only miinimal amounts remained after five. In the absence of C02 in the atmosphere in contact with the culture, glycolipide is produced in greatly reduced quantities, despite fair growth. This is in agreement with the concept of C02 requirement even for so-called heterotrophic organim (Werkman, 1949) , and with the specific findings of Gladstone et al. (1935) for P. aeruginosa. These authors found complete growth inhibition under conditions of continuous 02 removal, but were unable to prevent growth in this manner in the presence of peptone.
The physical properties of the isolated glycolipide were identical with those found by Jarvis and Johnson (1949) . Additional evidence for the identity of the sugar moiety was adduced by subjecting the water-soluble fraction obtained by acid hydrolysis to descending paper chro- Figure 2 shows clearly the interdependence of raw material and product; the exhaustion of the supply of the former halts the synthesis of the latter.
The rates of production differed considerably in natural and synthetic media. On bactopeptone the maximal rate was 37 mg glycolipide per hr, while on synthetic media it ranged around onethird of that amount (11-15 mg/hr). The absolute linearity of the glycolipide production curve between 40 and 110 hours in the case of experiments with 1 per cent glycerol in the medium is particularly noteworthy (figure 2). One of the cultures grown on 3 per cent glycerol containing synthetic media (figure 3) indicates an interesting phenomenon; glycerol content diminished quite slowly and glycolipide was still rising when the experiment was terminated after 33 days.
An experiment was performed in which half of the organisms produced in a 20 hour period were transferred to a freshly prepared medium, after washing. Approximately 15 hours elapsed before glycolipide was formed. Since this lag was somewhat shorter than under the usual conditions, the operation of an adaptive mechanism was considered. Enzyme production by an aging bacterial population under conditions favorable for adaptation is not unknown. Gale (1946) found that the bacterial amino acid decarboxylases, for example, which form as growth proceeds, are fully developed within the or-.
ganism only at the end of active cell division. The variation in activity with the age of the culture seems to be due to some as yet undefined change in the medium brought about by the metabolic activities of the organism. Experiments to investigate the possibility of adaptation by the whole culture are at present being undertaken. \ The source of the inoculum may affect the final concentration of glycolipide, as is shown in table 4. As may be seen from columns (1) and (2) where adequate amounts of all components of the medium were present, no significant difference was observed whether the inoculum was glycerol grown or not. In column (3), where the concentration of salt, mixture in the medium was one-half that normally used, the final glycolipide level reached after inoculation with a glycerol grown culture was about 60 per cent more than that reached after inoculation from a tryptic digest agar slant. Thus it appears that, with the former inoculum, a given level of glycolipide may be attained sooner after inoculation, possibly because of the early presence of enzymes concerned in glycolipide biosynthesis. A difference in final levels was, however, demonstrated when the concentration of inorganic salts was the growth limiting factor, as is presumably the case in column (3).
Influence of various substances on glycolipide production. Fructose, glucose, and citrate were able to serve as sole carbon sources in the synthetic medium described above (Materials and Methods). When the medium contained only acetate as carbon source, no growth occurred, in contrast to findings by Campbell and Stokes (1951) who used a somewhat different salt mixture. Of the above organic substrates, fructose furnished glycolipide in yields comparable to those obtained on glycerol. In the case of citrate no glycolipide was formed. Minute quantities were detected in the case of glucose. Since circumstances are known where glucose exerts an inhibitory effect (e.g., Magasanik, 1953; Gale, 1938) on adaptive enzyme formation, an analogous action on a component of the glycolipide synthesizing system might be operative in this instance. Table 5 shows the depression of glycolipide production to one-half by an amount of glucose equimolar in carbon to the glycerol present. (The effect of ethylenediaminetetraacetic acid will be discussed below.)
Other compounds also reduced glycolipide formation as shown in table 6. Succinate, citrate, and acetate produced this effect. The organism was clearly able to utilize these substances for its metabolic activity, and they exerted a glycerol sparing action. A similar inhibitory effect of these compounds on the production of acid from glucose by P. aeruginosa in synthetic medium has been noted by Liu (1952) .
Organic acids are well known to be germicidal (Porter, 1946) , and acetic acid was once considered a "specific" disinfectant for P. aeruginosa. for these bacteria (Reid, 1932) It was observed that while cultures grown on glycerol containing media yielded free flowing supernatants, the introduction of sodium acetate caused a rather viscous slime to be formed, much like that obtained by growth on potassium gluconate (Haynes, 1951) . Frequently "oyster" formation also took place. Similar conditions prevailed in succinate grown cultures, as well as those grown on citrate, where they were most pronounced.
Identification of intermediates in the biosynthesis of glycolipide from glycerol would be of great interest. To date, however, attempts to have the organism grow with one of a number of 3-C compounds other than glycerol as the sole source of carbon have been unsuccessful. Dihydroxyacetone, propanediol, allyl alcohol, and methylglyoxal were tried individually and in various combinations. Of these only propanediol was able to initiate growth although 36 hours elapsed between inoculation and visible turbidity.
When additions of these substances were made to cultures in synthetic media containing 0.67 per cent glucose, which had been incubated with shaking for 18 hours, growth proceeded normally. In no case, however, could glycolipide formation be shown.3 It should be noted, however, that glucose depressed glycolipide production even from glycerol.
The 
